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Background: Antibiotic misuse is common and costly
and may promote antibiotic resistance. We tested the ef-
ficacy of a targeted one-on-one educational program (“aca-
demic detailing”) designed to improve the appropriate-
ness of broad-spectrum antibiotic use.

Methods: A randomized controlled trial was conducted
in a large US teaching hospital. During an 18-week study
period, 17 general medical, oncology, and cardiology ser-
vices either received academic detailing or did not. The in-
tervention was prompted by an order for either levofloxa-
cin or ceftazidime that led to a computer-based review of
data for that patient. Orders for the 2 target antibiotics
deemed unnecessary by a priori criteria were included in
the study. The primary outcome examined was the num-
ber of days that unnecessary levofloxacin or ceftazidime
was administered in intervention and control groups.

Results: Before the trial, intervention and control ser-
vices had similar prescribing patterns for the target an-

tibiotics; the drugs were used for similar indications
throughout the study period. During the intervention,
there was a reduction of 37% in days of unnecessary le-
vofloxacin or ceftazidime use per 2-week interval on ser-
vices randomized to the educational intervention vs con-
trol services (P,.001). In multivariable analyses
controlling for baseline prescribing and study interval,
the rate of unnecessary use of the 2 target antibiotics was
reduced by 41% on the intervention services compared
with controls (95% confidence interval, 44%-78%;
P,.001). Length of stay, intensive care unit transfers, re-
admission rates, and in-hospital death rates were simi-
lar in both groups (P$.10 for all).

Conclusion: Targeted one-on-one education is a prac-
tical, effective, and safe method for reducing excessive
broad-spectrum antibiotic use.
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A NTIBIOTIC MISUSE is com-
mon and costly. Approxi-
mately one third of all hos-
pitalized patients receive
an antibiotic, and several

reports1-3 suggest that at least half of an-
tibiotic orders are unnecessary, poorly cho-
sen, or incorrectly dosed. Physicians of-
ten opt for broad-spectrum antibiotics
when a narrower-spectrum agent would
suffice. A review of 2 months of vanco-
mycin hydrochloride use at one teaching
hospital found that 70% of orders were in-
appropriate; problematic orders were as
common for the medical service as they
were for the surgery service.1

Suboptimal use of antibiotics poses
problems beyond those applicable to the
individual patient so treated; overreli-
ance on broad-spectrum agents is also
thought to be an important contributor to
growing worldwide antimicrobial resis-
tance.4 A recent study5 found that as quin-

olone use increased more than 6-fold be-
tween 1988 and 1997, from 0.8 to 5.5 per
100 persons per year, the prevalence of
pneumococci with reduced susceptibil-
ity to quinolones increased from 0% to
1.7%. Quinolone-resistant Salmonella en-
terica and Campylobacter jejuni infec-
tions have also been increasingly re-
ported.6,7 New antimicrobial resistance has
emerged in many different human patho-
gens, and rates of existing resistance have
increased. At least 6 studies8-13 have sug-
gested that rates of invasive infections with
drug-resistant Streptococcus pneumoniae are
related to recent antibiotic exposure, and
1 recent study14 suggested that local an-
tibiotic use patterns directly affected lo-
cal resistance patterns. These data have
prompted a working group of the Cen-
ters for Disease Control and Prevention to
focus attention on the judicious use of an-
tibiotics as one part of the strategy to com-
bat drug-resistant Streptococcus pneumo-
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niae.15 Although antimicrobial resistance is complex and
multifactorial, there is evidence that reducing the use of
broad-spectrum antibiotics may result in improved mi-
crobial susceptibility.16

In most hospitals, antibiotics account for more than
10% of pharmacy expenditures, and the additional cost
of antibiotic resistance is substantial. A report from the
US Office of Technology Assessment estimated that the
extra hospital costs associated with drug-resistant noso-
comial bacterial infections were $1.3 billion annually.17

In our institution, drug use evaluations have suggested
that narrower-spectrum antibiotics could be safely sub-
stituted for a substantial number of broad-spectrum an-
tibiotic orders. However, most patients are never seen by
infectious disease consultants; thus, there is no routine
method for such antibiotic optimization. Given increas-

ing concern over unnecessary patient exposure to broad-
spectrum antibiotics, trends in antimicrobial resistance
patterns, and the costs associated with both, we under-
took the present study to determine whether one-on-
one education by clinical specialists on a patient-
specific basis (“academic detailing”) could reduce
excessive use of broad-spectrum antibiotics.

RESULTS

More than 4500 patients were admitted to the interven-
tion and control services during the baseline and study
periods. Patient characteristics on both sets of services
were similar and did not differ between the baseline and
study periods (Table1). At baseline, the mean±SD num-
ber of days of unnecessary target antibiotic use was

PARTICIPANTS AND METHODS

STUDY SITE

Brigham and Women’s Hospital is a 697-bed academic medi-
cal center affiliated with Harvard Medical School in Bos-
ton, Mass. Approximately 32% of admissions are to the in-
ternal medicine department, including general medical,
oncology, and cardiology services. A typical service con-
sists of 1 attending physician, 1 second- or third-year medi-
cal resident, and 2 interns; interns and residents write all
antibiotic orders.

To achieve balanced patient groups for the present study,
we assigned services to intervention or control status using
a blocked randomization design. Three of the general medi-
cal services were randomly assigned to intervention and 3 to
control, and 2 of the oncology services were randomly as-
signed to intervention and 2 to control. Three additional gen-
eral medical services and 4 cardiology services were added
at week 5 through a similar blocked random assignment ap-
proach. In all, 9 services comprised the intervention group
and 8 the control group. The study period began January 20,
1999, and ended May 19, 1999; the 4 weeks immediately pre-
ceding this period were considered the baseline period.

TARGET ORDERS

We used the hospital’s computerized pharmacy records to
review all orders for levofloxacin and ceftazidime written
for patients on the intervention and control teams. The hos-
pital’s Division of Infectious Diseases developed a set of
guidelines for first-line antibiotic therapy, including rec-
ommendations for the proper use of these agents. We dis-
seminated these guidelines to all house officers as pocket-
sized laminated brochures (available on request) before this
study. Although in any given situation many antibiotics may
be effective, these guidelines recommended preferred an-
tibiotic choices for our hospital.

Each morning, a research assistant reviewed comput-
erized laboratory, pharmacy, and prior admission data for
all patients for whom physicians ordered levofloxacin or
ceftazidime in the prior 24 hours. The criteria were ap-
plied without regard to the study group assignment. All or-
ders for levofloxacin were flagged for review unless the pa-
tient had (1) an isolate sensitive to levofloxacin, (2) a history

of a solid organ transplantation or long-term use of immu-
nosuppressive medications, (3) multiple antibiotic aller-
gies, or (4) serum creatinine levels of more than 1.5 mg/dL
(132.6 µmol/L). For ceftazidime, orders were also flagged
unless the patient had (1) an isolate sensitive to ceftazi-
dime; (2) an absolute neutrophil count of less than 500/
mm3; (3) a history of a solid organ transplantation, cystic
fibrosis, or long-term use of immunosuppressive medica-
tions; (4) multiple antibiotic allergies; or (5) resided in an
institutional setting within 1 week of hospital admission.
Henceforth, we will use the term unnecessary use for the
orders that fell outside the guidelines and were flagged for
review. We excluded orders for patients in whom any of
the following occurred on the date their target order was
reviewed: death, discharge, transfer to an intensive care unit,
or surgery. The remaining orders formed the study co-
hort. On the intervention services, levofloxacin or ceftazi-
dime orders judged to be unnecessary prompted one of the
academic detailers to review the patient’s full medical rec-
ord and contact the responsible intern or resident. No con-
tact occurred for orders written for patients on teams ran-
domized to the control condition.

INTERVENTION

The educational intervention was directed at interns and
residents on the intervention teams who wrote unneces-
sary orders for either of the 2 broad-spectrum antibiotics
studied. The educational intervention, which used an aca-
demic detailing approach, was conducted by 3 clinician-
educators, 2 infectious diseases physicians, and 1 spe-
cially trained clinical pharmacist.18,19 The educators were
trained through participating in practice sessions, with sev-
eral of the authors (D.H.S. and J.A.) using scripts and role-
playing exercises.

The intern who wrote the original order was the pri-
mary contact, but resident physicians were contacted if the
intern was unavailable. Academic detailers presented in-
formation to the intern or resident physicians interac-
tively in a case-relevant, concise manner, stressing micro-
biologic data, local resistance patterns, and the clinical
literature. The interns and residents were not aware that
their ordering patterns were being studied. The detailers
provided each ordering physician with a copy of the guide-
lines and made suggestions for alternative regimens based
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8.5±7.8 per 2-week interval for the intervention service
and 7.6±4.7 for the control services (P=.80) (Figure 1).

During the 18-week study period, 490 patients from
all study services were prescribed levofloxacin or cefta-
zidime, the target antibiotics. Computerized record re-
view indicated that 212 patients were not appropriate for
study for the following reasons: 83 were discharged, trans-
ferred to an intensive care unit, taken to surgery on the
index date, or died; 37 had serum creatinine levels greater
than 1.5 mg/dL (.132.6 µmol/L); 23 had a known iso-
late sensitive to one of the target antibiotics; 21 had a his-
tory of a solid organ transplantation or were taking im-
munosuppressive medications; 20 who were prescribed
ceftazidime had an absolute neutrophil count less than
500/mm3; 18 had multiple antibiotic allergies; and 10 who
were prescribed ceftazidime had cystic fibrosis and were

at high risk of pseudomonal infections. The remaining
278 unnecessary prescriptions in 260 patients formed the
study cohort. Among these patients, the indications for
treatment or presumed sources of infection were similar
for those in the intervention and control groups
(Table 2). There were slightly higher rates of fever and
neutropenia among levofloxacin users on the interven-
tion services (P=.04).

We then examined the mean number of days of un-
necessary target antibiotic use per 2-week interval per ser-
vice for each group (Figure 1). Although baseline pre-
scribing was similar, during the intervention period, the
number of days of unnecessary use of target antibiotics
was 37% lower for the intervention services than for con-
trols (P,.001) (Figure 1). During the study period, there
were a mean±SD of 5.5±2.1 days per 2-week interval for

on these recommendations, but the final drug choice was
always left to the interns and residents. The clinician-
educators also distributed graphs and summaries of resis-
tance patterns in our institution and trends in the utiliza-
tion and cost of antibiotics (available on request). The
encounter took place over the telephone if neither intern
nor resident was available to meet in person; this occurred
in 32 episodes. In 4 instances, the responsible intern or resi-
dent was unavailable to meet or speak by telephone; e-mail
messages were sent to the interns in these cases. All en-
counters were included in the intervention group. Face-
to-face or telephone sessions generally lasted 10 minutes.
In 14 instances, the academic detailer decided not to con-
tact either intern or resident after reviewing the chart. This
was primarily because prior infectious disease consultants
had recommended one of the targeted antibiotics. These
orders were included in all analyses.

DATA COLLECTION

The main study end point was the average number of days
that unnecessary levofloxacin or ceftazidime was adminis-
tered per service. This outcome was compared for each
2-week interval for services in the intervention vs control
groups. The prescribing information was drawn from the hos-
pital’s computerized pharmacy records. In a subsample of
patients, we validated the computerized pharmacy data against
the manually completed medication administration rec-
ords in the patient’s hospital chart. There was complete agree-
ment in 14 (93%) of 15 patient records examined and par-
tial agreement in the 1 remaining record. Patients who were
prescribed more than one new course of levofloxacin or cefta-
zidime were counted in the analysis more than once. We also
reviewed the medical records of all patients in both the in-
tervention and control groups to determine the presumed
source of infection that prompted the target antibiotic or-
der. Next, medication orders for the day of the educational
intervention (or the comparable day on the control ser-
vices) were examined to determine whether the target drug
regimens were continued, discontinued, or changed in route
or dosage. Finally, we examined computerized records for
every patient admitted to intervention or control services dur-
ing the study period to measure rates of death and transfer
to an intensive care unit, length of stay, and readmission
within 30 days of discharge.

ANALYSIS

We compared the average number of days of unnecessary le-
vofloxacin and ceftazidime use during each 2-week interval
for the intervention and control services. To calculate the ex-
pected values and confidence intervals (CIs) and to test dif-
ferences,weuseda linearunivariate fixed-effectsmodel (PROC
MIXED).20 Since we suspected that differences in baseline pre-
scribing and duration of the intervention would be impor-
tant confounders, multivariable models were constructed in-
cluding these factors as independent variables. The dependent
variable was unnecessary prescribing of the target antibiot-
ics during each 2-week interval of the intervention period.
To estimate the relative reduction in unnecessary use of tar-
get antibiotics in the intervention group, we used a fixed-
effects model (PROC GENMOD in SAS statistical software).20

This model used a log-linear link function, assumed a Pois-
son distribution, and accounted for overdispersion. Experi-
mental group assignment (intervention or control) was the
independent variable of interest, the individual service was
considered a class effect, and covariates included level of base-
line prescribing and time, modeled as both a linear and cat-
egorical effect. The interaction between assignment and time
was also assessed. We further considered a linear random-
effects model to account for variation between services (PROC
MIXED in SAS statistical software)20; the results of this analy-
sis were similar to those found in the fixed-effects models with
respect to the level of statistical significance, and only the fixed-
effects model results are presented.

All analyses were conducted on an intention-to-treat
basis. Several services had unusually heavy prescribing of
the target antibiotics during certain 2-week blocks. To ex-
amine the effect of such periods, we performed identical
analyses of the main effect after removing these outlier in-
tervals from the analyses. The results were nearly identi-
cal; thus, only the analyses using all data points will be pre-
sented. Finally, we assessed the mean length of stay for all
patients on intervention and control services and mea-
sured the proportion of patients who were transferred to
an intensive care unit, were readmitted to Brigham and
Women’s Hospital within 30 days of discharge, or died in
the hospital. We examined these secondary outcomes not
only for patients who received the target antibiotics, but
also for every patient admitted to a study service during
the baseline and intervention periods.
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the intervention services vs 8.8±2.2 days for the con-
trols; this reduction was because of 28 fewer starts and
an average antibiotic course 0.8 day shorter. The multi-
variate analyses, accounting for repeated measures of the
target antibiotics and baseline prescribing, indicated that
the risk of receiving a day of unnecessary target antibi-
otic was reduced by 41% on the intervention services com-
pared with controls (95% CI, 44%-78%; P,.001). There
did appear to be an effect of time on the intervention,
such that the risk of prescribing an unnecessary day of
the target antibiotics continued to decline throughout the
entire study period. However, no interaction was found
between group assignment and time (P=.48). During the
study period, prescribing of the target antibiotics through-
out the hospital on nonstudy services remained stable:
1874 days of target antibiotics administered per 2-week
interval during the baseline period vs 1882 days during
the intervention period (P=.40).

We next examined prescribing of unnecessary tar-
get antibiotics on the day that the order was identified
and the subsequent day (Figure 2). For the interven-
tion services, 88 (70%) of these orders were discontin-
ued, whereas only 46 orders (30%) for the control ser-
vices were discontinued (P=.001). For the intervention

services, 69 patient orders (55%) for unnecessary target
antibiotics had all antibiotic use discontinued. This sig-
nificantly differed from the control services in which only
24 patient orders (16%) were followed by discontinua-
tion of all antibiotic use (P=.001). Route changes (in-
travenous to oral) were equal and uncommon (14%) for
both intervention and control services.

The intervention had no measurable negative clini-
cal effects. The average length of stay, proportion of pa-
tients transferred to an intensive care unit or patients re-
admitted within 30 days of discharge, and death rates were
similar for all patients in the intervention and control ser-
vices (Table 3).

COMMENT

Reduction of inappropriate use of antibiotics, especially
broad-spectrum agents, is an important goal in acute care
settings such as teaching hospitals. In a randomized con-
trolled trial that took place in the department of medi-
cine of a US academic medical center, we found that the
risk of prescribing a day of unnecessary target antibiotic
was 41% lower on services randomized to a interven-
tion of “academic detailing” compared with controls. This
significant effect of the intervention remained after ad-
justing for baseline prescribing, clustering of repeated mea-
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Figure 1. Average number of days of unnecessary use of target antibiotics
per 2-week interval per service. P,.001 for the difference between
intervention and control groups during the study period. For the study
period, confidence intervals were calculated from the univariate fixed-effects
model. See text for description of “unnecessary use of target antibiotics.”
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Figure 2. Antibiotic prescribing during intervention. The day the target order
was identified and the next calendar day were examined to determine these
patterns. P values are from x2 tests and refer to the difference between
intervention and control groups.

Table 1. Characteristics of Study Services*

Characteristics
Intervention Services

(n = 9)
Control Services

(n = 8)

Baseline period
Admissions per 2 wk per

service, mean ± SD
26 ± 4 25 ± 4

Age, mean ± SD, y 61 ± 4 60 ± 5
Sex, % female 52 48

Study period
Admissions per 2 wk per

service, mean ± SD
27 ± 4 25 ± 2

Age, mean ± SD, y 60 ± 5 60 ± 4
Sex, % female 51 53

*P..30 for all.

Table 2. Presumed Source of Infection During Study Period*

Infection Source
Intervention
Services, %

Control
Services, % P

Genitourinary 23 20 .52
Respiratory 46 43 .53
Intra-abdominal 14 19 .32
Joint, bone, skin, soft tissue 9 9 .94
Sepsis, line or not otherwise

specified
5 5 .91

Fever and neutropenia 5 1 .04
Central nervous system 0 1 .23

*A total of 260 patients accounted for the 278 orders included in the
study. There were 125 study orders in the intervention services group and
153 in the control services group. Columns do not add to 100% because of
rounding. Genitourinary includes urosepsis and urinary tract infections.
Respiratory includes upper and lower tract infections.
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sures within a given service, and duration of the inter-
vention. Both fewer starts and shorter courses of target
antibiotics account for the reduction of use of broad-
spectrum antibiotics in the intervention services. This sug-
gests that to some degree interns and residents learned
not to prescribe an unnecessary antibiotic but that the
daily academic detailing reminded prescribing physi-
cians to stop the use of previously started but unneces-
sary antibiotics.

The intervention was based on the academic de-
tailing approach developed by our group that has
proven to be a useful method for improving behavior in
a variety of prescribing situations.18-22 Academic detail-
ing is a program of one-on-one interactive educational
outreach provided by a clinician, either a pharmacist or
physician, who has been trained to discuss prescribing
decisions with physicians in a manner likely to induce
evidence-based practice change. An academic detailing
approach has been used successfully to improve outpa-
tient antibiotic use, but not inpatient prescribing, to our
knowledge.18,23,24

Several limitations of the present study should be
considered. Since resident physicians switched services
every month, contamination occurred between interven-
tion and control groups. This would have biased the re-
sults against finding any difference between interven-
tion and control teams and thus may have dampened the
observed effect of the intervention. One method for deal-
ing with this potential would have been to randomize phy-
sicians; however, many of the decisions regarding anti-
biotic orders are made by the team and thus randomization
by a physician would have allowed for substantial in-
trateam contamination. Fourteen orders were included
in the intervention set that were not deemed appropri-
ate for academic detailing because the antibiotics had been
suggested by a prior consultation from the infectious dis-
eases division. We kept these orders in the analysis since
they were part of the original randomization set; their
inclusion reduced the effect of the intervention. Finally,
although we did not collect specific data from house
officers about why they continued using possibly
unnecessary antibiotics, possible reasons include misin-
formation, neglect of microbiologic laboratory informa-
tion, pressure from attending physicians, and patient or
family concerns.25

Part of the success or failure of the academic detail-
ing intervention rests on the ability and availability of the
educators doing the one-on-one intervention. We at-
tempted to minimize the effect of the detailer’s personal
style on the study outcome by standardizing the educa-
tional encounter through the use of scripts and a com-
mon evidence-based approach. In addition, many hos-
pitals may not have infectious disease consultants available
to perform the academic detailing. Our intervention used
a trained clinical pharmacist whose impact on prescrib-
ing was similar to that of the infectious disease physi-
cians; previous interventions have likewise used phar-
macist-educators with good effects.18,21

Other than the one-time initial costs of developing
and printing antibiotic guidelines for our hospital, the
daily costs of conducting the intervention included ap-
proximately 1 hour of a research assistant’s time to re-

view new orders for the target antibiotics and 1 hour from
an academic detailer; thus, the estimated annual cost was
$21750. Although a formal economic analysis was not
performed, we found that the length of antibiotic courses
was shortened on the services randomized to the inter-
vention: 55% of patients had all antibiotic use stopped
in the 24 hours after the intervention vs 16% in the con-
trols. In addition, there is a real but hard-to-quantify eco-
nomic benefit of reducing the risk of resistance associ-
ated with overuse of broad-spectrum antibiotics. Taken
together, these benefits are likely to outweigh the very
modest cost of the intervention. As a result, we plan to
continue and expand such antibiotic counterdetailing ef-
forts in our institution.

Further work will be required to demonstrate the
generalizability of an academic detailing approach to other
settings and to define the most efficient means to con-
duct such programs on a larger operational scale. Al-
though development of newer antibiotics may help ad-
dress antimicrobial resistance in the short term, improving
the prescribing of available antibiotics will continue to
be a priority throughout the health care system for the
foreseeable future.

Accepted for publication February 22, 2001.
Financial support for this work was provided by a core

grant from the Brigham and Women’s Hospital to the Di-
vision of Pharmacoepidemiology and Pharmacoeconomics.
Dr Solomon is a recipient of an Arthritis Foundation Inves-
tigator Award.

Gonzalo Graupera, MD, and Asra Warsi provided as-
sistance with data collection and Nancy Keating, MD, MPH,
provided helpful comments on an early draft of the manu-
script.

Corresponding author and reprints: Daniel H. Solo-
mon, MD, MPH, Division of Pharmacoepidemiology and
Pharmacoeconomics, Brigham and Women’s Hospital, 221
Longwood Ave, Suite 341, Boston, MA 02115 (e-mail:
dhsolomon@partners.org).

REFERENCES

1. Lipsky BA, Baker CA, McDonald LL, Suzuki NT. Improving the appropriateness
of vancomycin use by sequential interventions. Am J Infect Control. 1999;27:
84-91.

2. Kunin CM, Tupasi T, Craig WA. Use of antibiotics: a brief exposition of the

Table 3. Secondary Outcomes

Outcome

Intervention
Service Patients

(n = 2624)

Control
Service Patients

(n = 2489) P *

Average length of index
admission, mean ± SD, d

4.8 ± 6.0 4.8 ± 5.5 .94

Rehospitalization
within 30 d, %

4.0 3.3 .13

Intensive care unit
transfer, %

6.6 6.4 .71

Death during index
admission, %

2.3 2.2 .90

*P values are from x2 test for dichotomous outcomes and t test for
continuous ones.

(REPRINTED) ARCH INTERN MED/ VOL 161, AUG 13/27, 2001 WWW.ARCHINTERNMED.COM
1901

©2001 American Medical Association. All rights reserved.



problem and some tentative solutions. Ann Intern Med. 1973;79:555-560.
3. Avorn J, Soumerai SB, Taylor W, et al. Reduction of incorrect antibiotic dosing

through a structured educational order form. Arch Intern Med. 1988;148:1720-
1724.

4. Levy S. Multidrug resistance: a sign of the times. N Engl J Med. 1998;338:1376-
1378.

5. Chen DK, McGeer A, de Azavedo JC, Low DE. Decreased susceptibility of Strep-
tococcus pneumoniae to fluoroquinolones in Canada. N Engl J Med. 1999;341:
233-239.

6. Smith KE, Besser JM, Hedberg CW, et al. Quinolone-resistant Campylobacter je-
juni infections in Minnesota. N Engl J Med. 1999;340:1525-1532.

7. Molbak K, Baggesen DL, Aarestrup FM, et al. An outbreak of multidrug-
resistant, quinolone-resistant Salmonella enterica serotype typhimurium DT104.
N Engl J Med. 1999;341:1420-1425.

8. Radetsky MS, Istre GR, Johansen TL, et al. Multiply resistant pneumococcus
causing meningitis: its epidemiology with a day-care centre. Lancet. 1981;2:
771-773.

9. Robins-Browne RM, Kharsany ABM, Koornhof HJ. Antibiotic-resistant pneumo-
cocci in hospitalized children. J Hyg. 1984;93:9-16.

10. Reichler MR, Allphin AA, Breiman RF, et al. The spread of multiply resistant Strep-
tococcus pneumoniae at a day care center in Ohio. J Infect Dis. 1992;166:1346-
1353.

11. Duchin JS, Breiman RF, Diamond A, et al. High prevalence of multi–drug-
resistant Streptococcus pneumoniae among children in a rural Kentucky com-
munity. Pediatr Infect Dis J. 1995;14:745-750.

12. Zenni MK, Cheatham SH, Thompson JM, et al. Streptococcus pneumoniae colo-
nization in the young child: association with otitis media and resistance to peni-
cillin. J Pediatr. 1995;127:533-537.

13. Dowell SF, Schwartz B. Resistant pneumococci: protecting patients through
judicious use of antibiotics. Am Fam Physician. 1997;55:1647-1654.

14. Magee JT, Pritchard EL, Fitzgerald KA, et al. Antibiotic prescribing and antibiotic
resistance in community practice: retrospective study, 1996-8. BMJ. 1999;319:
1239-1240.

15. Jernigan DB, Getron MS, Breiman RF. Minimizing the impact of drug-resistant
Streptococcus pneumoniae. JAMA. 1996;275:206-209.

16. McGowan JE. Antimicrobial resistance in hospital organisms and its relation to
antibiotic use. Rev Infect Dis. 1983;5:1033-1048.

17. Office of Technology Assessment. Impacts of Antibiotic-Resistant Bacteria. Wash-
ington, DC: Office of Technology Assessment; September 1995.

18. Avorn J, Soumerai SB. Improving drug-therapy decisions through educational
outreach: a randomized controlled trial of academically based “detailing.” N Engl
J Med. 1983;308:1457-1463.

19. Soumerai SB, Avorn J. Principles of educational outreach (“academic detail-
ing”) to improve clinical decision making. JAMA. 1990;263:549-556.

20. SAS Institute Inc. SAS/STAT User’s Guide, Release 6.11. Cary, NC: SAS Insti-
tute Inc; 1996.

21. Avorn J, Soumerai SB, Everitt DE, et al. A randomized trial of a program to re-
duce the use of psychoactive drugs in nursing homes. N Engl J Med. 1992;327:
168-173.

22. Schaffner W, Ray WA, Federspiel CF, Miller WO. Improving antibiotic prescrib-
ing in office practice: a controlled trial of three educational methods. JAMA. 1983;
250:1728-1732.

23. Ray WA, Schaffner W, Federspiel DF. Persistence of improvement in antibiotic
prescribing in office practice. JAMA. 1985;253:1774-1776.

24. Gonzales R, Steiner JF, Lum A, Barrett PH Jr. Decreasing antibiotic use in am-
bulatory practice: impact of a multidimensional intervention on the treatment of
uncomplicated acute bronchitis in adults. JAMA. 1999;281:1512-1519.

25. Avorn J, Solomon DH. Cultural and economic factors that (mis)shape antibiotic
use: the nonpharmacologic basis of therapeutics. Ann Intern Med. 2000;133:
128-135.

(REPRINTED) ARCH INTERN MED/ VOL 161, AUG 13/27, 2001 WWW.ARCHINTERNMED.COM
1902

©2001 American Medical Association. All rights reserved.


